Background: Cancer outcomes vary widely among different countries. However, comparisons of cost-effectiveness and cost-efficiency of different systems are complex because the incidences of different cancers vary across countries and their chances of cure also differ substantially. We aim to propose a new standardized method for global comparison and to explore its relationship with economic indicators.
Background
Cancer is a major health burden across all countries and the problem is rapidly escalating. According to the GLO-BOCAN 2012 by the International Agency for Research on Cancer (IARC), there were 14.1 million new cancer cases (all cancers excluding non-melanoma skin cancers) and a total of 8.2 million cancer deaths globally in the year 2012 [1] . In the World Cancer Report 2014, it was projected that the incidence and mortality would continue to rise to 22 million and 13 million, respectively, in the coming two decades with more than 57% of the overall cancer incidence and 65% of mortality occurring in less developed regions [2] .
Cancer outcomes vary widely among different countries due to multiple factors including variation in pattern of cancers, national cancer screening policy, presenting stage, access to good quality treatment (e.g., radiotherapy and systemic therapy), and cultural barriers. The World Health Assembly Resolution on Cancer stated that closing the cancer divide on all fronts was a pressing global health issue and called upon all governments to implement plans for reducing cancer mortality [3] . Assessment of outcomes data is fundamental for gauging the results achieved by individual country and goal-setting the target achievable with contemporary provision. However, this is not straightforward because many cancer registries, especially those in less developed regions, do not have prospectively collected individual patient record for calculation of relative survival (RS) [1] . One acceptable surrogate for RS is to use the complement of the ratio of age-standardized mortality/incidence rate [1 -(ASM/ASI)] and this is supported by the study by Vostakolaei et al. on 32 cancer sites in seven Western countries [4] .
Marked variation exists in the incidence patterns of different cancers and thus the chance of cure (even with best contemporary treatment) differs substantially. For instance, a country with high incidence of good-prognosis cancer may have a better overall RS than another country with high incidence of poor-prognosis cancer, confounding the interpretations of their actual standard of cancer care. Adjustment for these variations is particularly important for a fair comparison of the cost-efficiency (i.e. the maximum possible health outcomes / benefits given the same amount of resources) of different health systems among different countries. Therefore, in the current study we introduced the concept of the cancer site-standardized proxy RS (proxy SS-RS) to enable an unbiased comparison across the globe.
In addition, survival for cancer patients depends on access to appropriate treatment, which in term is closely linked to the economic capability and healthcare policy of individual countries. Since there is very little global data on detailed breakdown of the national expenditure specific for cancer treatment, we analysed the correlation between the overall expenditure of different countries on healthcare and their respective cancer outcome in order to provide useful reflection on the essential requirement and the cost-efficiency of different healthcare systems worldwide.
In the current study, we standardized the proxy RS by cancer sites and compare the values across different countries. The corresponding correlation of proxy SS-RS with national economic indicators were also analysed. The aims were to provide a tool for unbiased comparison of outcomes in different countries, and to provide standardized outcome indicators for estimating the health expenditures needed to achieve the respective target outcomes.
Methods

Sources of data
The cancer outcome data were based on the GLOBOCAN 2012 [1] : age-standardized rates of incidence (ASI) and mortality (ASM) from all 184 countries/regions were retrieved. Both the overall rates for all cancers excluding non-melanoma skin cancer and the specific rates for the 27 listed cancer sites were studied. In GLOBOCAN 2012, rates for non-melanoma skin cancer were not available because many of such cancers were never diagnosed and were under-recorded in cancer registry [1] .
The economic data were based on the statistics released by The World Bank Group [5] : indicators including gross national income (GNI), gross domestic product (GDP), total health expenditure (total HE), and health expenditure in public sector (public HE) were retrieved, in which monetary values per capita (pc) were used and were denominated in US dollars.
In addition to data of individual countries, the following categorizations were studied: continents, development regions (more / less developed, as defined in the GLOBOCAN 2012), and the Human Development Index (HDI) introduced by Human Development Reports [6] (with countries categorized into "low", "medium", "high" and "very high" development tiers basing on life expectancy at birth, mean and expected years of schooling, and GNI per capita). To be consistent with the GLOBOCAN 2012 outcome data, all the economic indicators and the HDI values and corresponding tiers were based on the data recorded for the year 2012.
Statistical analysis
The proxy RS for each country was calculated using the formula [1 -(ASM/ASI)]. Cancer site-specific proxy RS and patterns of incidence were also presented. Furthermore, the proxy SS-RS were calculated to adjust for the variation in incidence of different cancers. The concept and the methodology used were analogous to that used for age-standardization for adjustment to variation in age distribution [7] . The cancer incidence in the World population as shown by GLOBOCAN 2012 were used as the "standard", the proxy SS-RS for each country was calculated by the formula: ∑ i (r i × p i ); that is, the summation of proxy RS of each cancer site i achieved by individual country (r i ) × corresponding proportion of that specific cancer site in the world population (p i ). Additional file 1: Table S1 demonstrates an example on calculation of proxy SS-RS. Comparisons of proxy SS-RS between subgroups in categorizations (continents, more / less developed and HDI tiers) were performed by Mood's median test because the proxy RS might not be normally distributed.
The range of economic indicators across countries at various range of proxy SS-RS were presented. Regarding the correlation of SS-RS with economic indicators, fractional polynomials was used to assess potential transformation [8] . Taking into account of models' residual deviance and comparing against linear, square or cubic transformations, fractional polynomials suggested that logarithmic transformation over economic indicators would generate the best fits to proxy SS-RS. Hence, logarithmic regression model was applied to estimate the monetary values needed to achieve a particular proxy SS-RS target, with the natural logarithm (ln, base e) of the economic indicators as the independent factor. The goodness-of-fit using the adjusted R-squared (R 2 ) statistic was used to identify the economic indicators which showed the strongest correlation (i.e., the indicators with the highest adjusted R 2 ). All statistical analyses were conducted using R version 3.2.5 (R Core Team, Vienna, Austria) with fractional polynomials model fitting using mfp package, and map plotting using maps and mapdata packages. We considered P < 0.05 as statistically significant.
Results
Unadjusted proxy RS
The global pattern of proxy RS (Fig. 1a) was different from that of proxy SS-RS (Fig. 1b) among the 184 countries studied; the proxy RS of different countries varied widely from 0.111 to 0.702 (median = 0.386). Altogether, 34 (18%) countries achieved proxy RS ≥0.55 while 46 (25%) countries had proxy RS < 0.25. Table 1 shows the outcomes and economic indicators in countries that achieved proxy RS ≥0.55. The top 3 countries with the highest unadjusted proxy RS were Australia (0.702), Iceland (0.692) and Norway (0.688). Table 2 shows the site-specific proxy RS of the 27 cancer sites listed and the marked variation in distribution among the 184 countries. Cancers of thyroid, testis, corpus uteri, and melanoma of skin achieved the best outcome with sitespecific proxy RS ranging from 0.767 to 0.875. The survival outcomes were the worst for cancers of pancreas, liver, lung, and oesophagus with median proxy RS ranging from 0.048 to 0.153; these four cancer sites attributed to 24.1% of the overall new caseload in 2012 globally. Furthermore, the cancers having the widest variation in distribution could have markedly different outcomes. The proportion of new cases attributed to prostate cancer ranged from 0.6% in Democratic Republic of Korea to 42.6% in Martinique (France) and that proportion of liver cancer varied similarly from 0.5% in the Netherlands to 42.7% in Gambia. However, the median proxy RS among individual countries showed differently at 0.745 for prostate cancer and at 0.059 for liver cancer. Figure 2 shows the distribution of new case incidence of different cancer sites by different categorizations. There were higher proportion of prostate and colorectal cancers in more developed regions, high and very high HDI tiers, and countries with proxy RS ≥0.35. In contrast, cancers of oesophagus, liver and cervix were more common in less developed regions, low and medium HDI tiers, and countries with proxy RS <0.35. By continents, prostate cancer was comparatively more common in Oceania, Northern America, Latin America and Caribbean, and Europe; while liver and cervix cancers were more common in Africa and Asia. Furthermore, melanoma of skin was uniquely common in Oceania. The substantial variations in both survival outcomes and incidence distributions suggest the need of appropriate standardization for a balanced outcome measure for comparison across the globe.
Cancer site-standardized proxy RS Figure 1b shows the global pattern of proxy SS-RS adjusted for the marked variation in distribution of different cancer sites. The proxy SS-RS of 184 countries ranged from 0.124 to 0.622 (median = 0.359). Approximately 10% of the countries achieved proxy SS-RS ≥0.55 (n = 19) and in the range 0.45-<0.55 (n = 19). The top 3 countries with the highest proxy SS-RS were Republic of Korea (0.622), Australia (0.609) and Norway (0.594) ( Table 1) . Compared with the unadjusted proxy RS, the relative change of cancer proxy SS-RS ranged from − 0.168 (decrease) to + 0.098 (increase) unit. Figure 3 shows the proxy SS-RS by different categorizations. The proxy SS-RS was significantly higher in more developed regions compared with less developed regions (median, 0.525 vs 0.295, P < 0.001). By continents, the median proxy SS-RS ranged from 0.583 in Northern America, 0.515 in Europe, 0.3917 in Oceania, 0.389 in Latin America and Caribbean, to 0.339 in Asia and 0.202 in Africa. By HDI, there was a significant trend of increase in proxy SS-RS from a median of 0.188 in the "low" and 0.295 in the "medium" tiers, to 0.391 in the "high" and 0.540 in the "very high" tiers (Fig. 3) . All three categorizations showed significant variations among the different subgroups (P < 0.001).
Correlation between cancer site-standardized proxy RS and economic indicators Figure 4 shows the patterns of correlation between proxy SS-RS and economic indicators, and the fitted lines by logarithmic regression models. The plots showed significant correlation with high adjusted R 2 ≥0.8 for the four economic indicators studied (P < 0.001). Total HEpc was the best fitted indicator with the highest adjusted R 2 of 0.847 (Additional file 1: Table S2 ). Table 3a Table 1) .
The best data fit with logarithmic regression model showed exponential increase in economic indicators with improving proxy SS-RS, with marked flattening of the slope for changes among countries with proxy SS-RS ≥0.5 (Fig. 4) . The estimated total HEpc associated with a proxy SS-RS of 0.35, 0.45 and 0.55 were US$328, US$1260, and US$4840, respectively (Table 3b ). The projected additional total HEpc needed to achieve an increment of 0.1 in proxy SS-RS increased exponentially from US$932 to US$3580 for improving proxy SS-RS from 0.35 to 0.45 and from 0.45 to 0.55, respectively (Table 3b) . 
Discussion
Cancer is one of the most serious health problems globally. Four major international studies on comparisons of cancer survival have been published in the recent decade. They provided comprehensive epidemiological data in different cancer types among selected countries and their population-based registries [9] [10] [11] [12] . The CONCORD-3 study has recently been published to include even more population-based registries in more countries [13] . These landmark reports provide insight on global cancer landscapes from different perspective but the interpretation of these results is hampered by the wide variations in cancer pattern and thus survival outcomes. To the best of our knowledge, this is the first report of comprehensive survival estimates that took into account the pattern of cancer of all countries in the world. To complement the research gap, the current paper introduced the concept of cancer site-standardization with adjustment for wide variation in distribution of different cancer sites across different countries. It incorporated relatively simple and reproducible methodology using GLOBOCAN data as the best publicly accessible and creditable sources. Such standardization potentially helps develop more refined cross-country comparisons for the assessment of cost-efficiency of different healthcare systems.
It is well recognized that age-standardization of incidence and mortality rates are needed for comparison of cancer burden across different countries and across different time periods for the same country because this vital factor varies widely with time for different populations and sociohistorical indicators could also contribute to the variations across time horizon [14] . Following the same principle, given the marked differences in incidence patterns and survival outcomes, proxy SS-RS which adjusts for variation in cancer site distribution is recommended for cross-country comparisons, especially for studies aiming at sharing of experience on cost-efficiency of health systems in different countries.
We showed significant correlation between proxy SS-RS and all the economic indicators studied. The magnitude of exponential increase in health expenditure required to achieve the highest SS-RS was striking: the estimated total HEpc associated with a proxy SS-RS of 0.35, 0.45 and 0.55 would be as high as US$328, US$1260 and US$4840, respectively (Table 3b ). In fact, the cancer burden is adversely affecting not only those resource-constrained countries, but also those more effluent and developed countries alike [15] [16] [17] [18] . For the low-and middle-income countries (LMICs; GNI per capita <US$1035 and <US$4085 in 2012, respectively), increasing HEpc to improve access to essential treatment is crucial. Unfortunately, more than 80% LMICs failed to afford such expenditure. Innovative financing, partnership between private sector and international development banks will be useful for sustainable financing in resource-constrained countries. Global disparity in access to systemic therapy is a wellknown phenomenon [19] [20] [21] . The expanding list of novel agents including chemotherapy, target therapy and immunotherapy will only, in a vicious circle, cause escalating cost of treatment, wider disparity in access and thus variations in treatment outcomes. Similarly, the access to radiotherapy (RT), an essential component of cancer treatment, is especially poor in many LMICs due to the apparently high capital cost. The recent study by Lam et al. showed a strong correlation between treatment outcomes of nasopharyngeal carcinoma (a highly curable cancer for which RT is the primary treatment modality) and the availability of both radiotherapy facilities and radiation oncologists [22] . Unfortunately, 80% of new cases occurred in countries with limited access to RT and thus worse outcomes. The study by Atun et al. demonstrated the substantial benefit to investing in RT, advocating concerted global effort to expand RT access and to develop financially sustainable populationbased cancer control plans [23] . Furthermore, cancer control ranging from prevention, screening, cancer treatment and palliative care are also crucial for better cancer outcomes. For example, cervical screening contributed to lower mortality by screening early stage, and more curable, cancer cases. The cost-effectiveness of implementing human papillomavirus (HPV) genotyping to detect the infection of high-risk oncogenic HPV types and the frequency of follow-up screening are, however, subjective to the local disease patterns, healthcare infrastructure and affordability and should be studied carefully for each individual country [24, 25] . Taking all these together, a standardized indicator of cancer outcomes that adjusted for patterns of cancer in each individual country will be invaluable for developing a more cost-efficient cancer plan from prevention to prioritizing treatment access with the resources available.
Consistent with the findings of escalating health expenditures in our study, thus far there are a number of reports on financial burden caused by cancer in high income countries with complex estimations. The study focused on countries in the European Union showed that the total cost amounted to approximately US$176 billion in 2009 (including US$71 billion direct expenditure on health care services, and indirect cost of productivity losses US$18 billion due to early death and US$13 billion due to lost working day) [26] . The estimated drug cost on cancers increased markedly from US$9.5 billion in 2005 to US$25.4 billion in 2014 [27] . Similarly, the study in the United States showed alarming cost on cancer care amounting to US$137 billion in 2014 [28] . With these escalating expenditures, financial hardship at personal and household level are anticipated despite medical insurance coverage. According to the survey from the Health and Retirement Study in the United States [29] , which included 1409 cancer patients who were all community-dwelling Medicare beneficiaries, 24-63% of patients' household income were spent on health care; the proportion due to cancer was substantially higher than non-cancer disease (adjusted odds ratio, 1.86; 95% CI, 1.55-2.23). Even in countries where access to therapy is not the main problem, the huge cost incurred will adversely affect sustainable affordability [30] . Our proxy SS-RS can be applied as the reference indicators for comparing outcomes and cost-efficiencies of different countries from time-totime whenever relevant economic indicators are updated.
Our study has the following limitations. The cancer statistics are based on data from GLOBOCAN 2012: the quality of data is suboptimal in many of the LMICs and more updated data will be desirable, although the principle of standardization should still hold true. The survival outcome used was a surrogate calculated using Fig. 3 Site-standardized proxy relative survival (proxy SS-RS) by country profiles. Values in parentheses indicate (i) the proportion of the incidence among all new cancer cases (except non-melanoma skin cancer for each cancer site) and (ii) the number of countries in each subcategory. The bars represented the median proxy SS-RS and the strokes represented the corresponding minimum and maximum proxy SS-RS among the countries within each subcategory the formula [1 -(ASM/ASI)] rather than the more desirable but currently unavailable prospective data from most cancer registries using age, sex, stage at presentation and treatment exposures. The monetary values on expenditures available from the World Bank only provide data on all health care, but not specific expenditure attributed to cancer. However, the study in the European Union showed that the proportion of total HEpc spent on cancer-specific care was fairly constant among countries, hence the total HEpc used in the current study is a reasonable proxy for comparison [27] . It would be a mammoth task to incorporate all potential confounders for a real world analysis. Factors like the cost of living index and purchasing power parity were unavailable for our study but it may be explored in future studies for optimizing global comparison.
Nonetheless, standardization of RS minimizes the bias in comparison across all listed countries basing on best available data. The findings are useful for provoking greater awareness to the global variation in treatment outcomes for cancer patients and suggesting a strong link to the investment in health care. It is a huge challenge to policy makers to develop a comprehensive cancer plan that is cost-efficient and financially sustainable. This fundamental need require urgent improvement as the economic burden of cancer is so huge and so rapidly escalating for all countries. It is hoped that our study will stimulate more in-depth studies to overcome the existing limitations, to provide essential data for sharing of experience and to assist the global communities to make a concerted effort towards the commitment of reducing cancer mortality as stated in the World Health Assembly Cancer Resolution. Fig. 4 Cancer site-standardized proxy relative survival (proxy SS-RS) against economic indicators. a gross national income per capita, GNIpc; b gross domestic product per capita, GDPpc; c total health expenditure per capita, total HEpc; and d public health expenditure per capita, public HEpc
